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INTRODUCTION
In recent years, there has been increasing attention in the literature to systematic differences in educational outcomes by gender (Bos, Ganimian, and Vegas, 2014; Guiso et al., 2008; OECD, 2014b; Straus, 2015) . In general, international test results show that boys perform better in math and science, while girls score higher in reading and language. According to results of the OECD's Programme for International Student Assessment (PISA) in 2012, girls attained on average 38 score points more than boys in reading, whereas boys attained on average 11 score points more than girls in mathematics (OECD, 2015) . The gender gap in reading holds across all OECD countries.
Math results are especially important as they are good predictors of future achievement; school test scores and results in university access exams determine, amongst other factors, career decisions and will contribute to differences in employability, occupational segregation in the labor market, and differences in earnings (Bassi, Busso, and Muñoz, 2015; Bos, Ganimian, and Vegas, 2014; Heckman, 2011; Mizala, 2014; Murnane et al., 1995; Ñopo, 2012; Paglin and Rufolo, 1990) .
Beyond the direct consequences of gender bias in terms of learning, there are also indirect implications for the transmission of cultural values to the younger generations. Culture plays an important role in shaping social norms and preferences that will later affect labor outcomes. There is a significant body of literature focusing on how cultural factors explain low female labor force participation (FLFP) (Fernández, 2013; Fernández and Flogli, 2009; Fogli and Veldkamp, 2011) . Evidence shows that changes in cultural values will affect behavior in different domains (Harrison and Huntington, 2000; Inglehart and Norris, 2003) . This paper looks at how the education system contributes to recreate and perpetuate gender stereotypes that will affect learning as well as other social outcomes during the lifecycle.
What lies behind gender disparities in performance? Learning gaps seem to increase with age, and they cannot be explained by parental background and investment in the child, unobserved ability, teacher gender, or other observable variables of classroom environment (Bharadwaj et al. 2015) . Teaching quality is likely to be an important part of the explanation, as evidence has consistently shown it to be one of the key components of learning in general (Araujo et al. 2016; Bruns and Luque, 2015) . A high quality teacher could represent a gain for students of one additional school year (Rivkin, Hanushek y Kain, 2005) , and effective teachers can also have long-term positive impacts on outcomes such as university enrollment and income (Chetty, Friedman, and Rockoff, 2011) . This paper identifies whether gender stereotypes are present in teaching practices. It also associates the presence of these stereotypes to measures of teacher quality and differences in students' learning outcomes. The paper analyses a sample of fourth graders and their teachers in
Chile to examine what happens inside the classroom in terms of gender biased teacher-student interactions, aiming to understand to what extent these biases are associated to different learning outcomes of boys and girls.
There is a broad literature on gender bias in teaching-especially for developed countriesand it is possible to find many patterns within this literature. Davis (2000) presents a broad review of research in this topic. Various articles point to a prevalence of gender bias in favor of male students consistent across subject areas and school environments (Biraimah, 1989; Brady and Eisler, 1995; DeVoe, 1991; Jones, 1989a; Jones, 1989b; Sadker and Sadker, 1994) . The most common biases are found under the form of teachers' giving more attention to boys than girls (AAUW, 1992; LaFrance, 1991; Sadker and Sadker, 1994; Sadker, Sadker and Stulberg, 1993) ; segregation in the classroom or calling attention to a specific characteristic of students, such as gender, race, or ethnicity (Davis, 2000) ; and preexisting beliefs and expectations about students' abilities, skills, and competence in different subjects (Fennema et al. 1990; Lavy and Sand, 2015; Li, 1999; Robinson, Lubienski, and Copur, 2011; RobinsonCimpain et al., 2014; Schwartz and Sinicrope, 2013; Shakeshift 1995; Tiedemann, 2002; Van Duzer, 2006) .
The literature indicates that getting more of a teacher's attention-whether positive (e.g., the teacher responding to or working one-on-one with the student) or negative (e.g., the teacher disciplining the student)-has consequences for students' performance (Lavy and Sand, 2015; Sadker and Sadker, 1994) .
This study builds on the work of Sadker and Sadker (1994) , expanding their coding categories to analyze if teachers in fact pay more attention to students by gender and if that greater attention is associated with better learning outcomes. We examine almost 590 hours of videotaped classes for fourth grade students in Chile. Following the variables defined in Sadker and Sadker (1994) (remediation, praise, criticism, and acceptance), we "quantify" teachers' interactions (episodes) with girls and boys during these classes. In addition, for each class we track the amount of time that teachers spend with girls versus boys, count the number of interventions of each gender, and analyze the teachers' (positive or negative) responses. We then link these data with students' scores in national standardized tests (e.g., Sistema de Medición de la Calidad de la Educación, or SIMCE) and with teachers' performance measured through the Classroom Assessment Scoring System (CLASS).
The results show a general (although not uniform) bias in teachers' actions that resulted in less attention to female students. Quantitative results show that, on most of the conceptual variables coded, girls received less attention from teachers than boys. Furthermore, in terms of time spent (recorded in seconds, minutes and hours), the results also show de facto teacher bias in the form of under-attention to girls; that is, when teachers address the class, they tend to focus more often on boys than girls. Moreover, boys tend to participate more (i.e., they call out answers more often that their female peers). These results mostly hold when adjusting for the fact that our sample includes slightly more boys than girls (53.2 percent boys). The differences are particularly large in terms of teacher criticism, call out (students' participation), and teacher response. When we compare the entire distribution of a gender bias index based on the variables measured, the results show that there are statistically significant differences in favor of boys, even after adjusting by the number of boys in the classroom.
The extent of gender bias in the classroom correlates with the quality of teacher-student interactions in three domains: emotional support, class organization, and instructional support.
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The instrument used to rate the interactions is CLASS, with scores ranging from 1 (bad interactions) to 7 (excellent interactions). The results from this study show that worse teachers (according to CLASS) demonstrate larger gender bias. This association is larger in the emotional support and class organization domains, but is also present in the instructional support domain.
Another important finding of this paper is the relationship between gender bias in the classroom and student performance, measured by SIMCE scores. Girls whose teachers demonstrate greater gender bias tend to perform worse in all subjects. With a few exceptions, the measures of gender bias do not show a statistically significant correlation with SIMCE scores for boys.
The type of data collected for this study does not identify the causes of teacher behavior.
Teachers might be (consciously or unconsciously) following socially established gender stereotypes, or simply be reacting to student behavior, spending some of the extra time to discipline boys who are being unruly or to attend to those who are considered high participators (e.g., by shouting out answers or otherwise attempting to draw attention to themselves). Also, we cannot establish pure causality between differences in SIMCE scores based on gender and teacher bias. The association we find can in fact reveal the effect of teacher bias on student learning; however, teachers could also be paying more attention and responding more frequently to more demanding students-independently of their gender-which in this case happen to be boys. Although the literature on gender differences in the classroom strongly points to gender bias as the reason behind larger gaps in tests scores among boys and girls, it is important to acknowledge this source of endogeneity.
The fact that gender biases are observed in all subjects raises the question of why girls do better in language. An important factor behind these results could be that the process of learning is different in math than it is in other subjects. Reading can be improved by continued reading (something students can do on their own), whereas mathematical thinking requires "engaging students in posing and solving problems" (Fite, 2002) . The fact that certain subjects are more teacher-dependent than others could explain part of these differences. A recent meta-analysis of the effects of early math and literacy programs on skills suggests that programs implemented with parents and those implemented in centers produce similar results in terms of learning when it comes to literacy; for math, however, learning results are stronger when programs are implemented in the centers (Naslund et al., forthcoming).
Finally, parents also have a role in shaping their children's reading and work patterns at home and in developing their aspirations for their future. PISA data shows that, even at the same level of performance, parents have higher expectations of their sons to work the science, technology, engineering, and mathematics (STEM) fields (OECD, 2015) .
The main contribution of this paper is the documentation of patterns of gender-biased behavior among teachers in one of the countries with the greatest differences in test scores by gender in the world. The correlation of gender bias to both CLASS and SIMCE scores strengthens the argument and invites researchers to develop studies to identify causality with other data sources. The paper is organized as follows. Section 2 discusses the apparent paradox between education outcomes and labor outcomes in Chile. Section 3 reviews the related literature. Section 4 presents the sample characteristics and methodology. Section 5 provides the findings and analyzes the correlation between teacher gender bias and student academic performance, as well as between teacher gender bias and measures of teacher quality. The final section offers conclusions to the analyses herein, as well as considerations for future policy implications and alternatives.
LITERATURE REVIEW
Since the 1990s, there has been a growing body of evidence looking at factors driving student performance, accompanied by an increasing use of education indicators and student assessments.
Among the different school attributes, this paper concentrates on one element: teacher-student interactions, with a particular focus on how these interactions vary between girls and boys.
Evidence indicates that girls and boys enter school with similar abilities, but differences in learning outcomes start to appear as they advance in grade levels and years of schooling.
Gender bias tends to influence the performance of girls in math and science and of boys in reading and writing. One of the most influential studies of gender bias in the classroom, the meta-review of empirical research by the American Association of University Women (AAUW 1992) , concludes that in the United States, girls and boys start primary school with equally strong interest and achievement in math and science. By sixth grade, however, girls have fallen behind, and by the end of twelfth grade, girls have less confidence in their abilities in these subjects than boys. Also, find that the math gender gap does not exist when children start kindergarten, but grows to nearly 0.25 of a standard deviation by third grade.
In a study of academically gifted students in the United States, Olszewski-Kubilius and Turner (2002) find that boys begin to outperform girls in math starting in third grade, although by only a small amount. By fifth and sixth grade, however, the differences were significant for boys achieving very high scores. For this study, both boys and girls named math as their favorite subject. However, more girls thought their best academic strengths were in language, and more boys named math and science as their strongest subjects.
On an international level, Guiso et al. (2008) (Straus, 2015) . The gender gap seems to be wider in workingclass/low socioeconomic status (SES) boys than for middle-class boys, according to Entwistle Alexander, and Olson (2007) . These authors point out that middle-class parents are more likely to encourage their sons to engage in activities that enhance school performance in these areas, such as reading for pleasure or playing board games. Two Australian studies make similar points. Teese et al. (1995) argue that boys from middle-class families are doing better than girls from working-class families, and Collins et al. (2000) find that socioeconomic status makes a bigger difference than gender in performance in English.
Teachers' expectations matter, whether they are about boys' likelihood of academic failure (Van Duzer, 2006) or girls' competence in math and science (Shakeshift, 1995) . Schwartz and Sinicrope (2013) indicate that many teachers have preexisting biases about girls' deficiencies in mathematics. They point out that only 27 percent of undergraduates studying education view 2 The study measures the countries' gender equality levels using the World Economic Forum (WEF) Gender Gap Index (GGI), first introduced in 2006. The GCI quantifies the magnitude of gender-based disparities and provides country rankings across four areas: health, education, economy, and politics. The calculation of the gender gap in health is based on two components: sex ratio at birth and the gap between women's and men's healthy life expectancy. The calculation of the gender gap in education is based on four components: access ratios of women to men in primary, secondary, and tertiary education levels and female to male literacy rates. The calculation of the gender gap in economic participation is based on four components: female labor force participation over male labor force participation; earnings disparity between men and women at similar job positions; labor income for women in relation to men; and proportion of female professional and technical workers. The calculation of the gender gap in politics is based on two components: the ratio of women to men in parliamentary positions and the ratio of women to men in terms of years in an executive office (prime minister or president) for the last 50 years.
girls' math abilities positively. Backing this, Fennema et al. (1990) find that teachers attribute math competence in male students to ability but in female students to effort. Similarly, Tiedemann (2002) finds that primary school teachers view average-achieving girls as less capable in math and having to work harder than average-achieving boys. Previous studies, such as Li (1999) , observe math classrooms and find that teachers tend to see math as a male domain and have higher expectations of boys. Robinson, Lubienski, and Copur (2011) examine whether teachers in a national sample rate male math proficiency higher than female math proficiency, even when they (a) behave similarly, (b) have similar approaches to learning, and (c) have the same past and current test scores. These authors find that teachers rate the math skills of girls lower than the math skills of boys, which they find to be a consistent pattern throughout primary school, even when the girls performed as well as the boys. Their study suggests that if teachers believed that girls had the same abilities in math as boys with similar performance levels, girls would lose about 40 to 75 percent less ground in math achievement from the end of kindergarten to the end of fifth grade.
Schumow and Schmidt (2013) use observational methods as part of their study of the effect of teachers' beliefs and practices on the performance of girls in U.S. high school science classes. Girls and boys in this study achieved the same grades in science, but the girls rated themselves as significantly less competent and had less positive attitudes toward the subject. The authors find that teachers spend an average of 39 percent more time addressing male students than their female counterparts, a finding not explained by student initiation. They also find that teachers address boys more often than girls about content/knowledge issues. Although the teachers in this study verbally denied there were gender differences in science performance, the observations reveal that they held implicit beliefs suggesting gender bias.
More recently, Lavy and Sand (2015) examine the short-and long-term impacts of teachers' gender bias on the academic achievements of girls and boys in Israel during middle and high school and on their decision to take advanced level courses in math and sciences during high school. The main finding is that teachers' bias favoring boys have a positive effect on the achievements of boys and a negative effect on those of girls. The teachers seem to unconsciously discourage the female students by underestimating their abilities, while overestimating the skills of their male classmates. This was revealed through the results of two exams given to three groups of students from sixth grade through high school. 3 Instructors who did not know the students graded one exam, while instructors who did know them graded the second. In the first case, the girls outscored the boys, while in the second, the boys outscored girls. This effect was only true for the subjects of math and science. Moreover, the boys who were encouraged when in elementary school scored significantly higher in their middle school and high school matriculation exams than the girls, even though the girls had outperformed the boys on the exams graded by the instructors who did not know them. The impact continued in high school, when researchers found that girls who had been discouraged by their elementary school teachers were much less likely than boys to take advanced math and science courses. Another key result is that teachers' biases at early stages of education have long-term implications for female and male occupational choices and earning potentials, because taking advanced courses in math and science is a prerequisite for post-secondary schooling in STEM fields.
Teachers' gender bias affect students' self-perceptions. Banjong (2014) focuses on math proficiency and attitudes among fourth through seventh graders in the United States, finding no significant differences between male and female performance levels. Nonetheless, boys label math as one of their best subjects and feel successful at it, while girls largely express the opposite. Finally, complementing studies that focus on teacher practices, the literature on gender bias in the classroom also considers textbooks and other factors that potentially affect differences in learning, such as class size, density, and configuration. 4 Chile is the site of the first study of gender bias in textbooks. Magendoza (1970) provides a path-breaking analysis of the depiction of females in Chilean textbooks, finding them underrepresented and portrayed in stereotyped roles. 5 Since then, findings about gender bias in textbooks have been remarkably similar worldwide: (i) females are underrepresented, whether measured in lines of text, proportion of named characters (human or animal), mentions in titles, or citations in indexes; and (ii) females and males are depicted in highly gender-stereotyped ways in the household as well as in the occupational division of labor and in their general actions, attitudes, and character traits (Jassey, 1998) . Textbooks through the 1990s portray women as disproportionately passive and dull in comparison with men, and present them in only the most stereotypically feminine of occupations (Blumberg 2007 (Blumberg , 2008 (Blumberg , 2015a . Recent research on gender bias in textbooks in Chile shows continuing underrepresentation of females and stereotyping of both male and female occupational roles and character traits (Blumberg 2015a; Covacevich and Quintela-Dávila, 2014; Duarte, 2010) .
The combination of two forms of the "hidden curriculum"-gender bias in textbooks and gender bias in teaching-could comprise twin and often invisible obstacles. These barriers can dampen students' ambitions and nudge girls toward traditional feminine roles and occupational pursuits that will affect short-term learning outcomes and long-term labor and social outcomes.
EDUCATION, LEARNING, AND LABOR OUTCOMES IN CHILE
Using data for Chile, this paper analyzes gender gaps in education with an innovative approach, focusing on what happens inside the classroom to determine whether teachers interact systematically differently with boys and girls. Chile presents a great paradox with respect to gender. It has basically full equality in terms of health and survival and parity in literacy and enrollment in education; however, according to the 2015 Gender Gap Index, it ranks 123 out of 145 countries with respect to women's economic participation and opportunity. More importantly, the significant gap in terms of economic equality between genders lowers its overall ranking to 73 (WEF, 2015) , which is a significant decline from its position of 90 in 2006.
This paradox unveils a number of visible issues; but, as this paper argues, there is more to it than meets the eye. Chilean girls do not seem to be getting the same learning returns as their male classmates based on school attendance. Based on the Programme for International Student Assessment (PISA) 2012, Chile's gender gap in math scores was the largest among member countries of the Organisation for Economic Co-operation and Development (OECD), with boys outperforming girls (OECD, 2012).
6
The percentage of females completing tertiary education in Chile is one of the highest amongst OECD countries; yet, the percentage of those that participate in the labor market is one of the lowest. It is also interesting to note that the completion rate is higher for females than males in Chile at almost all education levels (Bassi, Busso, and Muñoz, 2015) .
According to the results in PISA 2012, the gender gap in math learning outcomes in Chile is the largest among OECD countries. Boys perform better than girls in mathematics in 37 of the 64 countries surveyed, and Chile ranks below average in overall mathematics performance, as well as in equity in education outcomes (OECD, 2014b) . School test scores and results in university entrance exams, amongst other factors, determine career decisions that later translate into occupational segregation in the labor market, and math results, in particular, are a good predictor of future earnings (Bassi, Busso, and Muñoz, 2015; Bos, Ganimian, and Vegas, 2014; Heckman, 2011; Mizala, 2014; Ñopo, 2012) . Understanding what happens in schools might provide some explanations for these large gender gaps.
SAMPLE AND METHODOLOGY

School Samples
The analysis of gender bias in teacher practices for this study is based on videotapes from the end of 2012. The sample includes 237 tapes from the classrooms of 137 academically lowperforming schools in Chile (according to SIMCE scores from 2009). These schools belong to a random sample designed for an impact evaluation of a program implemented in 2011 by Chile's Ministry of Education to improve learning outcomes in math and language of students from prekindergarten to fourth grade (Bassi, Meghir, and Reynoso, 2015) . Eligible schools comprised public and subsidized private schools complying with two main additional criteria: (i) the school average SIMCE score for the years 2005-09 in math and language should be below the national average (250 points); and (ii) there should be at least 20 students per level on average from prekindergarten to fourth grade. SIMCE scores were available for the year of the tapings for the schools, students, and teachers. In addition, the same videos were coded using the renowned CLASS instrument, which provides good measures of specific dimensions of teaching quality (Pianta et al., 2008) .
Since this is not a representative sample, results cannot be inferred to all Chilean schools.
Descriptive statistics show that the gender gap in these low performing schools is higher than the average; it is therefore more likely to detect bias in low performing schools. Yet, the large gender gap observed both in PISA and national exams is representative of all schools. Therefore, besides a question of magnitude, there is no reason why the gender dynamics described in this paper should be different between schools. What we are seeing in teachers' interactions in the poorest schools can also explain what is going on, at a different level, in other schools.
Each of the 237 videotapes shows a single teacher instructing fourth grade students. The program does not include any component or activity explicitly addressing gender bias in teaching. Thus, a particular advantage of this study is that, since the videotapes were made for another purpose, they proved amenable for coding gender bias in the classroom, without any reason to believe the teachers might be altering their behavior in this aspect. The filming strictly followed the protocol of the upper elementary version (fourth to sixth grade) of CLASS (Pianta et al. 2008) . As previously discussed, CLASS measures teacher-student interactions, and there are several studies that link better student outcomes (both in learning and the development of socioemotional skills) with teacher scores. 7 One teacher in each of the fourth grades of the 137 schools in the sample was videotaped for four pedagogic hours (including 69 math classes and 168 classes pertaining to other subjects, mainly language arts).
8 Table 1 presents the main descriptive statistics for our sample of schools, most of which are public schools with students of medium-low socioeconomic status (according to the SIMCE classification). Approximately 63 percent of the schools have only one fourth grade class, while the rest have no more than three classes in that level. The average number of students in the classrooms surveyed is 29 with a gender distribution of 53 percent boys and 47 percent girls.
The average 2012 SIMCE score of the schools in the sample, for combined subjects, is 243 (Table 2) , which is below Chile's national average of 262. The score gap by gender is 10 points in language arts (favoring girls) and 3 points in social sciences (favoring boys), both similar to the gap at the national level. In math, the gap is 5 points (favoring boys), 3 points higher than Chile's average gap. A teachers' questionnaire, including questions on their educational background, experience, and tenure, complemented the videos. Most teachers in the schools studied were female and had achieved a university degree (Table 3) . Their experience in teaching was homogeneously distributed; almost the same number of teachers had less than 5 years of experience, between 5 and 10 years, between 11 to 24 years, or more than 25 years. Sadker and Sadker (1994) originally developed the basic coding criterion used herein. To the best of our knowledge, only a few studies have used videotapes to look at gender bias in teacher classroom practice (e.g., Davis, 2000; Sadker and Sadker, 1994) . Sadker and Sadker (1994) utilize observation and analysis of videotapes to study gender bias in teachers' differential use of attention in their interactions with female versus male students in the fourth, sixth, and eighth grades in four states and the District of Colombia in the United States. They establish empirically that (i) praise, criticism, and remediation all are better forms of attention; (ii) boys receive more of this better kind of attention; (iii) boys are eight times more likely than girls to call out during a discussion (i.e., shout out answers even when they are not called upon); (iv) teachers are less likely to reject boys' behavior, although it is against classroom rules; 9 (v) teachers interact more with male students; (vi) girls receive more "acceptance," which is a bare acknowledgment (e.g., "uh-huh" or "okay") of a student's statement or work; and (vii) girls who receive less attention from their teachers may come to underestimate their abilities and lose motivation. The authors' conceptual framework is refined and completed herein with other dimensions gathered from literature on gender bias in the classroom, including time spent with girls versus boys and the level of control a teacher has over his or her classroom. The coding scheme used in this paper consists of the following variables:
CODING CATEGORIES AND STRATEGY
 The four Sadker and Sadker (1994) 
variables:
o Praise: after correct answers given, unsolicited, or general. Examples include:
"Good job." "That was an excellent paper." "I like the way you're thinking." This study classifies classroom behaviors by those initiated by the teachers and those initiated by the students (Figure 1 ). In addition, the coding sheets include a section where coders can indicate their perception of the level of control observed in the classroom, which is ranked 9 The teachers' rationale was that the boys tended to be more demanding and their tones and attitudes obliged teachers to respond. 10 We used the video viewer to accurately aggregate the codes for time spent by the teacher with girls versus boys. from 1 to 3, from poor control to good control respectively, as well as the level of gender bias, ranked from 1 to 3, from no obvious gender bias to significant/obvious gender bias, respectively.
Figure 1: Coding Scheme
Source: Authors' elaboration; categories are a refined and expanded version of Sadker and Sadker (1994) .
Except for time spent (which accounts for the time the teachers spend with girls versus boys), coding consists of counting specific events that take place during a video and classifying them under a noted category (e.g., praise, criticism, remediation, among others). In this study, the coder only counted the specific events when he or she clearly observed them in the video. We used a formative method, starting the coding with a pilot sample of 10 percent (19 videos). We took this approach not only as a test of the coding variables but also to search for other dimensions that merited coding in the overall sample, involving the remaining 90 percent (169 videos). In addition to adding variables based on a given teacher's control of the classroom and any gender bias demonstrated by that teacher, we disaggregated subjects into math and language arts/other subjects. This was based on the "embedded" nature of some of the language instruction and the similarity of non-mathematics instruction.
The teachers taught the math classes in a distinct manner to the other subjects, using considerable board work and never resorting to reading out loud. The language arts classes were not the only classes that focused on language; for example, grammar and other aspects of 
Student initiated actions
Call out answers language instruction were also incorporated into subjects such as social studies. Every tape contained some language instruction, however, and all the subjects except math used similar pedagogical techniques that included reading out loud by the teacher, individual students, and often the whole class in unison.
Five carefully trained coders coded 237 videotapes between October 2014 and November 2015. Although coders received thorough training ahead of time, as well as a clear template to ensure they applied homogenous criterion, video coding naturally involves a subjective component that might result in measurement error. To address this potential problem, the coders double-coded part of the videos, as done in comparable studies (Araujo et al., 2016; Brown et al, 2010) . Two coders independently coded 41 percent of the videos and the inter-coder reliability rate was 90.7 percent, 11 which is a good result compared to other studies.
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6. RESULTS
Gender-Biased Variables
It is important to reiterate that the videotapes were not made with any intent to study teachers' gender bias in the classroom. Thus, it is highly unlikely that the teachers modified their behavior with respect to this variable because they knew that they were being videotaped. Table 4 shows the raw measures of the variables mentioned above-that is, counts of episodes (for the Sadker and Sadker variables, call on and call out) and time spent as recorded by the coders. The table separates the results by subject (math and others, which includes mainly language arts). All variables in both subjects show a bias in favor of boys. In math, differences are statistically significant in criticism, acceptance, call on, and call out. In other subjects (mainly language arts), all differences are statistically significant with the exception of praise.
Although we do not have a measure of which students were actually present in the classroom on the day of the filming, we know the class composition by enrollment. Since gaps may be reflecting, in part, the fact that there are a few more boys than girls among the 11 The inter-coder reliability rate assumes that two codings do not coincide if the difference in their scores is more than one standard deviation (by category). When this criterion is modified to 0.5 standard deviations, the inter-coder reliability rate remains above 80 percent. classrooms observed, we repeat the measures controlling for the number of students of both genders. Table 5 shows the differences in measures and subject by student after this adjustment.
With the exception of praise in non-math subjects, all gaps remain positive (in favor of boys); differences in criticism and call out are still significant, and call on, acceptance, and time spent are no longer statistically significant. In the case of math, gaps in criticism, acceptance, and call out response remain statistically significant. In sum, teacher's bias in favor of boys seems to be robust to the adjustment for the number of boys in the classroom. These results contrast the raw perceptions of the coders after watching the videotapes. As described above, the protocol included a question for the coders regarding the degree of gender bias observed in the teacher's practices. Interestingly, in nearly 83 percent of the videos, the coders reported that there was no obvious gender bias and in close to 13 percent, the coders reported noticing some obvious gender bias. The coders observed obvious gender bias in only two videos of the sample. Thus, the different interaction of teachers with boys versus girls seems to be quite subtle or invisible.
The previous analysis only tests for differences in the mean of the measures between boys and girls. Below, we evaluate the equality of the entire distribution of the measures across gender by graphical inspection and by performing the Kolmogorov-Smirnov test of equality of distributions. Using the variables described above, we construct two different measures. First, for all teacher-initiated variables (the four Sadker and Sadker variables, call on, and time spent), we take the first principal component of the different factors by subject and plot their distribution for boys and girls. The second measure is call out, the student-initiated variable. For all measures, we plot the distribution for girls and boys separately for math and language arts/other subjects.
Then, we report the p-value of the test of equality of the principal component across gender. To account for the fact that the classes in our sample include slightly more boys than girls, Figures 4 and 5 present the distributions for the same gender measures controlling by the number of students, instead of raw measures, for math and language/other subjects, respectively.
In both math and language arts/other subjects, the differences between distributions by gender remain significant for both TIA and SIA, with skewed distributions for girls (to the left).
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13 When time spent is removed from the first principal component of TIA the differences are even stronger (p-value 0.000). Source: Authors' analysis based on primary data.
Correlation of Gender Variables and SIMCE and CLASS Scores
The previous section finds evidence of gender bias in teacher practices and differences by gender in student behavior. Teachers in our sample spend more time with boys and give them more frequent attention. Also, boys call out answers in class more often that girls and receive a higher ratio of negative responses from teachers than their female classmates. Our data do not allow us to identify the causes of these behaviors, particularly in the case of the teachers. Teachers could be (consciously or unconsciously) responding differently to boys and girls because of gender bias, or they could be reacting to the more active participation (or greater indiscipline) of boys in class. Although it is difficult to identify what makes teachers behave systematically different with male and female students, we are able to associate gender bias estimates with measures of teaching quality.
The same 237 videotapes were coded using the upper elementary version (for fourth to sixth grade) of the CLASS instrument (Pianta et al. 2008) . As mentioned earlier, CLASS measures the quality of teacher-student interactions in three main domains (emotional support, classroom organization and instructional support). Coders scored these interactions on a scale of 1 to 7 (Table 6 ). The average CLASS score for the teachers in our study is 3.95. There is only one case of high overall score (+5) and no cases of low general score (<=2). Scores tend to be higher in class organization and lower in instructional support. Results show that gender bias measures are correlated with CLASS scores (Table 7) . The regressor TIA is the difference between the first principal components of all teacher initiated actions (Sadker and Sadker variables, call on, and time spent) for boys minus the same measure for girls. The regressor SIA is the differences between boys and girls in calling out answers. For each regressor, the second column includes other covariates: characteristics of the school (type of administration, income decile, and experience and tenure the school principal) and characteristics of the classroom teacher (total experience, tenure in the school, and whether he or she has or is pursuing a graduate degree). We pool the subjects together and add a dummy variable that takes value 1 if the observation corresponds to math.
For the first two measures (TIA and SIA), the average CLASS score is negatively correlated with gender bias (worse teachers present higher gender bias) and is stronger when school, teacher, and student characteristics are included. Table 8 presents the results of simple OLS regressions of SIMCE scores by discipline (reading, math, and science) for girls and boys. As explanatory variables, we use the two measures of gender bias described above (TIA and SIA). In all specifications, we included other covariates to control for student, school, and teacher characteristics as well as the CLASS score to control for quality of teacher-student interactions. Along with the coefficients, we include the normalized coefficient to help interpreting the results.
In the case of the indicator for TIA, results show negative and significant correlations between these gender biases and the test scores for girls in math and science, with a larger coefficient in the case of math; that is, girls whose teachers demonstrate greater gender bias in their interactions with students present lower tests scores in sciences, but particularly in math.
Specifically, for every 1 standard deviation of increase in TIA, scores on SIMCE decrease by 0.09 standard deviations in math and by 0.06 standard deviations in science controlling for student, school, and teacher characteristics.
Similarly, SIA or call out is significantly and negatively correlated with test scores only for girls in math and science. Coefficients suggest a similar impact on Science scores and a larger impact on math scores than TIA. In particular, an increase in 1 standard deviation of SIA is associated with a decrease by 0.16 standard deviations in math scores and by a 0.06 standard deviations in science scores.
In sum, results suggest a correlation between gender bias (both from teachers and in terms of student behavior) and students' test scores. Our data do not allow for causality identification, but are consistent with arguments well documented in the literature that point to the importance of teacher-student interaction in terms of better learning. In this case, gender bias seems to be a factor. 
CONCLUSIONS AND POLICY IMPLICATIONS
This study finds differences in the amount and type of attention teachers devote to girls and boys in the classroom, depending on the subject area. The fact that clear patterns already appear in four grader students is important, given that gender gaps tend to increase as students move up in school grades (Bharadwaj et al., 2015) . Many highly able girls and boys may wrongly conclude from such experiences that their abilities are insufficient for careers, respectively, involving math and science or literature and communication. Receiving more teacher attention (positive or negative) has consequences for students in terms of motivation, aspirations, and performance (Bauer 2000; Frawley, 2005; Sadker 1999; Sadker and Sadker, 1994; Streitmatter 1994; Wellhousen and Yin 1997) , as well as concerning long-term outcomes, such as decisions about college (Lavy and Sand, 2015) and future employment possibilities and earnings.
The design of policies addressing gender bias should consider that biases are often unconscious; teachers are not necessarily aware of the gender bias they convey in their daily classroom practice (Davis, 2000; Frawley, 2005) . Biases are based on myths and beliefs that are not necessarily grounded on hard evidence or even direct experience, but they shape our everyday behavior. For example, there is a general perception that girls talk more in class than boys. In one of their studies, Sadker and Sadker (1985) show a film of a classroom discussion and ask teachers and administrators which gender talked more. The majority of teachers claimed that girls talked more that the boys, but the quantitative data showed that boys talked three times as much.
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Given that differences widen by grade level/age-lending more weight to social factors-interventions should start as early as possible. As shown, evidence suggests that the magnitude of gender bias is not as great before sixth grade, but begins to grow more pronounced by the time the students enter high school and even more so by the time they are ready for graduation.
Another important issue for policy is that, because there are short-term and long-term consequences, any strategy to correct for disparities should consider interventions for the flow and the stock. That implies designing mechanisms to correct teacher classroom practices so that entering students are not exposed to bias, but also implementing mechanisms to correct for existing disparities in the labor market and other long-term outcomes. Attitudes and perceptions about children's abilities are hard to change, however. Espinoza, Luz Fontes, and Arms-Chavez (2014) try to reduce high school math teachers' bias (attributing boys' success to ability and girls' success to effort) by providing them training in "an incremental theory of intelligence."
The teachers briefly reversed their stereotypes, seeing girls' success as ability-based and boys' as due to effort, but relapsed to their original biased views in less than a year. Thus, efforts should be sustained over time.
Is there a menu of policy options? Specific policy recommendations need further research on the true causes behind the differentiated teachers' attention to boys and girls. Are teachers (maybe unconsciously) acting according to socially or culturally generated stereotypes? Are they simply reacting to more demanding boys (either through unruly behavior or greater participation)? In either case, one obvious recommendation, which aligns with gender bias and quality of teaching literatures, is to hire good teachers. Good teachers will have a better control of the classroom, will be more proactive, and will better guide participation in the classroom.
What makes teachers effective? Teachers bring content knowledge, skills, motivation, and classroom practice. Different combinations of these will result in different outcomes: a teacher could have accumulated a great content knowledge and be very motivated, but be ineffective in the classroom. Of the set of a teacher observable characteristics including age, level of formal education, certification, years of experience, and compensation, the evidence suggests that content knowledge (measured by test scores) and absence rates seem to be the most critical factors for learning (Bruns and Luque, 2015; Glewwe et al., 2011) . In terms of teacher classroom practice, 16 the use of instructional time (e.g., time spent on academic activities "on task" versus "off task"); the instructional support (e.g., quality of feedback and concept development); the use of materials (including ICT); classroom management (e.g., discipline and organization); the ability to keep students engaged; and the emotional support provided to students (e.g., sensitivity
and positive vs. negative climate) seem to be important factors in the equation of learning.
A second policy option is to raise general awareness about these issues among teachers by including exercises and training, and providing concrete examples of "DOs" and "DON'Ts" in the classroom (e.g., avoiding references to role-models or stereotypes, recognizing and awarding collaborative students, integrating students and avoiding gender-based teams, interacting equally with all students, not allowing certain students to control the discussion, and providing effective stimulus and feedback to students). , for instance, conclude that raising awareness of-and, ideally, eliminating-teachers' biased assessments of boys as better in math (even against the evidence) may go a long way toward closing the gender gap in math. To be effective, training does not necessarily have to be specifically on gender issues. Rather, these issues should be incorporated as part of traditional training on core subjects (e.g., math, science, reading, and writing).
In terms of stimulating broad participation of all students in the classroom, certain pedagogical techniques-for example, teachers calling on the whole classroom, teachers asking for quick answers/rushing the student, and teachers accepting call outs from students even if they have not respected their turn (by raising their hands)-seem to be more problematic for girls.
Raising the awareness of these practices should be combined with a review of textbooks that are used as support and reference materials for teachers and students.
At the end of the day, the driver of change should be closing the gender gap, whether it favors boys or girls. Any educational policy should take into account impacts and unintended consequences in both groups.
